ABSTRACT. The germline R337H mutation of the TP53 gene has been associated with the development of many tumor types. This systematic review of literature investigated the association between the R337H mutation and the patients' family history and its predictive and prognostic value in cancer. Data were collected from articles archived in the PubMed, LILACS, MEDLINE, IBECS, and SciELO databases. The systematic review of literature was performed on 12 selected articles, describing a total of 175,462 individuals tested for the R337H mutation, including 1548 individuals with cancer and 118 individuals with a family history of Li-Fraumeni and LiFraumeni-like syndrome. Eight studies showed an association between the mutation and a family history of cancer in 411 patients, including 390 cases of cancer among family members. Patients with the homozygous mutant genotype experienced cancer recurrence, progressive disease, secondary cancer, and a short survival rate. Heterozygous patients showed a better response to treatment and increased survival rates than did patients with
INTRODUCTION
Deregulation of the TP53 pathway is important in the pathogenesis of human cancer because p53 regulates the transcription of genes involved in the cell cycle, DNA repair, apoptosis, signaling, transcription, and metabolism. Furthermore, p53 acts on independent transcription pathways that induce apoptosis and cytoplasmic autophagy (Xu-Monette et al., 2012) . In Brazil, a germline mutation established by the exchange of the amino acid arginine for histidine at codon 337 (R337H CGC → CAC) has been correlated with tumorigenesis (Olivier et al., 2010) , although its range of tumors remains unclear (Seidinger et al., 2011) .
The R337H allele encodes a protein with a conservative mutation at the C-terminal domain. The histidine at the position 337 does not act as an intermolecular hydrogen bond donor when the cellular environment is alkaline and at high temperatures. Such a protonation change, due to the replacement of arginine by histidine, affects the salt bridge with amino acid 352, producing unstable p53 tetramers and eventually resulting in a loss of function (DiGiammarino et al., 2002) .
The association between the mutation, the emergence of different tumor types, and the high number of carriers make the R337H mutation an important factor in public health, particularly in predicting cancer (Achatz, 2008; Palmero et al., 2008; Achatz et al., 2009 ). The incidence of cancer at an early age resulting from the R337H mutation represents up to 5% of all cancers before the age of 70 and 5-10% of all cancers in children and young adults in southern Brazil. Mutation carriers have a significant risk of developing multiple cancers (Achatz, 2008) .
In order to investigate the role of the TP53 R337H mutation as a clinical marker in cancer patients, we studied the association between the mutation and patients' family history, its predictive value in cancer, and its prognostic value in cancer.
MATERIAL AND METHODS
This study was a systematic (SRL) and descriptive review of literature of data examining the R337H mutation in the TP53 gene. The requirements established by the Cochrane Collaboration were fulfilled during reference identification and selection. Data were collected between January and September in 2013 using the following electronic databases: PubMed, LILACS, MEDLINE, IBECS, and SciELO. The descriptors used in the search were selected through Health Sciences Descriptors: adrenocortical carcinoma, founder effect, and TP53 missense mutation. We also used similar descriptors in Portuguese and Spanish. We searched for the following terms and their synonyms in Portuguese and Spanish in order to broaden the search: "adrenocortical", "effect", "founder", "TP53", "mutation", "p.R337H", and "R337H".
We included in the study: a) primary studies and descriptors related to the R337H mutation of the TP53 gene and its potential as a clinical prognostic marker in cancer patients with the mutation; b) data published between 1997 and September 2013, available in English, Portuguese, or Spanish; c) scientific articles available in national and international journals. Articles that were only partially available were excluded from analysis.
The criteria established by the test of relevance I (applied to references and abstracts) and test of relevance II (applied by 2 reviewers for qualitative analysis) were used for study selection. The reviewers answered the questions affirmatively or negatively. Any articles evaluated as negative were excluded from the SRL. Data were independently extracted in a detailed manner from articles selected using the test of relevance II. The tests of relevance and the protocol for data extraction were adapted from Pereira and Bachion (2006) and Azevedo (2010) . The strength of evidence adopted by Hicks (2004) 
In order to analyze allele and genotype frequencies, we analyzed whether the populations were in Hardy-Weinberg equilibrium. The χ 2 test was performed to determine whether the differences between observed and expected numbers of each genotype were random. We performed calculations to determine the validity of the diagnostic tests to associate the predictive value with the R337H mutation (Pereira and Andrade, 1997) . Proportions/rates regarding sensitivity, specificity, prevalence, estimated prevalence, positive predictive value (PPV), and negative predictive value (NPV) were calculated using the data extracted from the selected studies.
RESULTS
Ninety-seven publications were identified in 4 databases, including PubMed, MEDLINE, LILACS, and Scielo with 47, 41, 5, and 4 articles, respectively. Repeated studies (N = 58) from databases were considered only once. One article found in PubMed database was excluded because it was not fully available. Therefore, 39 articles (40.2%) were screened for the test of relevance I.
After applying the relevance test, 21 (53.8%) articles were excluded from the study because they were not related to the subject, were not published during the stipulated period, were in a different language, were not primary studies, or did not address a solution for the problem investigated. Hence, 18 (46.1%) articles were selected for the test of relevance II. After applying the test of relevance II, 6 articles were excluded because they were unrelated to the study topic, the methodology was not clearly described, or the objectives or results were inconsistent with the methodology presented. Data extraction and the SRL were performed for 12 articles (Figure 1 ). The studies included in this SRL are shown in Table 1 . Eleven of the 12 studies included individuals from southern and southeastern Brazil, while 1 study was a case study of a homozygous individual in Germany. The 12 selected articles included 1548 individuals with cancer, including adrenal cortex tumor (ACT), kidney and breast cancer, choroid plexus carcinoma, choroid plexus papilloma, soft tissue sarcoma, synovial sarcoma of leg and osteosarcoma, and other types of cancer ( Figure  2 ). Family history of Li-Fraumeni and Li-Fraumeni like syndrome was reported in 118 individuals. We included 750 healthy women who took part in a fight against breast cancer group, 647 control patients, and 171,649 newborns; 19 of these newborns were included in the group of cancer patients because they were diagnosed with ACT (Figure 2 ). The total number of individuals included in the SRL analysis for the R337H mutation was 175,462.
The frequency of the R337H mutation of the TP53 gene in Brazil is significantly higher than in other countries. Among the subjects included in the SRL, 175,359 were Brazilian (99.9%) and 103 were German (0.1%). Regarding patients with cancer (N = 287) and those with the R337H mutation, including 19 newborns with ACT, 1 was German and the others Brazilians. Figure 2 shows the types of cancer found in patients who had the mutation and Figure 3 shows healthy individuals who carried the R337H mutation. Eight studies associated the R337H mutation with a family history of cancer in 411 patients, including 390 cases of cancer among family members. Figure 4 shows the types of cancer found in relatives of individuals with the R337H mutation.
The average allele frequency of the wild-type allele (R) was 0.89 and of the mutant allele (H) was 0.11. The average genotype frequencies were 0.70 (RR), 0.21 (RH), and 0.001667 (HH). The standard deviation of the allelic frequency for both the wild-type and the mutant allele was 0.13. For the genotype frequencies, standard deviations were 0.26 (RR and HR) and 0.003727 (HH). The RR genotype was found in a total of 174,695 individuals, the HR genotype in 935 individuals, and the HH genotype in 8 individuals. Comparing the observed and the expected genotype frequencies, there were more heterozygous HR and homozygous HH in the population than expected. However, the deviation between the expected and the observed values for individuals with and without the R337H mutation was likely less than 2.5%, which may be considered random variability (P values ranged from 0.00001149-0.40209424).
The sensitivity, specificity, prevalence, estimated prevalence, PPV, and NPV were calculated in order to analyze the association between the R337H mutation and its predictive value. The calculations were based on all cases or on each group of patients separately to test the reliability of information. Newborns diagnosed with ACT were aged 3-112 months. Therefore, the group of newborns was excluded from some of the calculations because these individuals were too young to develop some of the tumors associated with the R337H mutation. In contrast, the R337H mutation may be related to tumor development at any age of a patient's lifetime. The ranges of the values for the rates/indicators were: sensitivity 0.05405405-1, specificity 0.90630473-0.99622802, prevalence 0.00001149-0.40209424, estimated prevalence 0.00377766-0.15378671, PPV 0.05045045-1, and NPV 0.62368183-1. Sensitivity, PPV, and NPV values were equal to 1 because of the small number of cases for the type of tumor studied, particularly for soft tissue sarcoma, melanoma, pancreatic cancer, skin cancer, kidney cancer, thyroid cancer, synovial sarcoma of leg, and multiple tumors (ACT and kidney or thyroid, breast cancer, and soft tissue sarcoma).
A total of 64 patients with cancer were analyzed for the association between the R337H mutation and prognosis. These subjects were aged 3 months to 71 years, and their tumors included: carcinoma of the adrenal cortex (3/64), ACT (52/64), or choroid plexus carcinoma (9/64). The prognosis in homozygous patients for the mutation was worse than that in heterozygous patients. A high number of patients with the homozygous mutant genotype experienced cancer recurrence, progressive disease, secondary cancer, and a short survival time. Heterozygous patients showed a better response to treatment and increased survival times compared to patients with the homozygous mutant genotype. This SRL was classified as level V of evidence because we used opinions of respected authorities, clinical evidence, and descriptive studies or reports of expert committees and conducted evaluation according to the strength of evidence of the included studies. 
DISCUSSION
Since the R337H mutation was initially identified in Paraná and São Paulo States, numerous studies have been conducted to determine the origin and the role of this mutation in carcinogenesis. The R337H mutation was recently identified in children with choroid plexus carcinoma and osteosarcoma from Minas Gerais State, showing that the mutation is not restricted to São Paulo and Paraná States (Seidinger et al., 2011) . However, the R337H mutation was not identified in children with ACT from the Northeast region of Brazil (Pereira, 2006) . This difference in the genotypes of ACT patients may have been observed because the population investigated in the Northeast was not related to subjects in the Southern Brazil or because of ethnic differences.
The first carrier of the R337H mutation identified outside of Brazil was in France (Bougeard et al., 2001 ). An active search was also carried out in the 3 main Portuguese Centers of Oncogenetics, but no mutation carrier was found (Achatz, 2008) . Recently, a study conducted in Germany found a patient carrier of the R337H mutation diagnosed with adrenocortical carcinoma. The mutation was detected both in peripheral blood and tumor tissue. The patient was also diagnosed with prostate cancer and colon cancer and had a family history of cancer. The patient's father was diagnosed with prostate cancer and the daughter with breast cancer; however, neither of these family members were genotyped. Analysis of SNP179 in the German patient revealed a distinct haplotype from that described in Brazil, indicating independent occurrence of the germline mutation (Herrmann et al., 2012) .
In the present SRL, most studies showed an association between family histories of cancer of the patients and the R337H mutation. However, some tumors types found among the relatives could not be directly related to the R337H mutation because of external factors, such as lung cancer caused by smoking. Additionally, the estimated penetrance of the mutant allele was approximately 10% (Figueiredo et al, 2006; Wasserman et al, 2012) . Although the mutation was found in nearly 100% of cases of ACT (Ribeiro et al., 2001) , its frequency in the general population outside South and Southeast Brazil was low (Pianovski et al., 2006) .
When the disease is rare, PPV is low because most of the positive tests were observed in healthy patients, leading to false-positive results. Furthermore, NPV is markedly higher for lowprevalence diseases (Pereira and Andrade, 1997) . This variation in PPV and NPV was observed when we individually analyzed each type of tumor and changed when newborns were included or not. Tumors showing a higher prevalence of disease showed increased NPV and decreased PPV.
Late diagnosis may be an aggravating factor for the prognosis of patients with the R337H mutation. From 90-95% of children with ACT may be cured if screening of newborns and relatives was performed along with subsequent patient surveillance. The homozygous R337H mutant associated with other rare mutations in the TP53 gene or even in the wild-type gene may be associated with some cases of ACT. No screening and no surveillance result in the survival of approximately 50% of children with ACT, and these children may require toxic intensive chemotherapy (Custodio et al., 2011) .
This SRL supports an association between the R337H genotype and the prognosis of cancer patients, where homozygous patients for the mutation had a worse prognosis than did heterozygous patients. Most homozygous patients developed more aggressive disease and had a shorter survival time. Heterozygous patients showed higher survival rates; however, they experienced disease recurrence or developed secondary tumors. Because some patients were still undergoing treatment, outcome evaluations were not fully reported.
Other types of tumors can occur with an increased frequency in R337H carriers, such as choroid plexus carcinoma, gastric and colon cancer, thyroid cancer, osteosarcoma, and breast cancer, among others (Latronico et al., 2001; Assumpção et al., 2008; Custodio et al., 2011; Seidinger et al., 2011; Seidinger et al., 2011; Gomes et al., 2012) . Therefore, the deleterious action of the R337H mutation cannot be limited to a single age group because tumors related to the mutation can affect a broad range of life stages, from newborns to adult patients.
Among patients with the R337H mutation included in the present study, most were diagnosed with ACT, confirming an association between the mutation and this specific tumor type. Strong evidence indicates that the mutation is related to the tumorigenesis process in the adrenal cortex. Moreover, it is important to consider the following: 1) the mutation is not a frequent variant in the entire Brazilian population; 2) loss of heterozygosity leads to retention of the mutated allele in tumor cells; and 3) ACT cells may show increased expression of mutated p53 (Pereira, 2006) .
The germline R337H mutation was found in patients with different tumors and its loss of heterozygosity was demonstrated in breast cancer (Achatz et al., 2007) . From a clinical standpoint, detection of the R337H mutation in heterozygous patients from families with a wide range of hereditary tumors, consistent with the Li-Fraumeni and Li-Fraumeni like syndrome, indicates that this mutation has the potential to predispose to tumors in a variety of tissues, not in a specific tissue as was originally suggested (Ribeiro et al., 2001; Hainaut, 2002; Achatz et al., 2007) .
Previous studies have demonstrated that patients with R337H share a common set of alleles in adjacent polymorphic markers. This strongly indicates co-segregation between these markers and the R337H germline mutation. Additionally, the mutation may have originated from the founder effect in a common ancestor of most Brazilian patients with ACT (Pinto et al., 2004; Palmero et al., 2008) . Analysis of inheritance patterns of families in Paraná State suggested that the R337H mutant allele emerged at least 110 years ago (Figueiredo et. al., 2006) . Thus, the mutation likely emerged approximately 118 years ago.
Because of the high incidence and low survival of patients with adrenocortical tumors in Paraná State, the Bill No. 268/2008 was signed, which made the examination of DNA to detect the R337H mutation mandatory in all newborns. The tests help prevent public expenditure related to the treatment of tumors in newborns at an advanced stage.
Studies included in the SRL, which included different cohorts, showed that the R337H germline mutation occurs in many types of cancer; however, none of the studies investigated constitutive genetic changes associated with the R337H mutation. Carriers of the R337H mutation showed different outcomes (childhood cancer, cancer in adulthood, one or multiple tumors, no tumor) in such a way that it was a major clinical challenge to predict the phenotype of R337H mutation carriers. There may be genetic factors acting as modifiers of penetrance and consequently the phenotype associated with the mutation. Genomic analysis are useful for initial screening to further investigate potentially related genetic load that could lead to cancer.
Given the relevance of the R337H mutation in the epidemiological context of cancer in Brazil, additional studies are needed to examine the association between this mutation and related tumor types. The tracking of this mutation in different populations has allowed the implementation of policies and clinical protocols specific to patients who carry the mutation. Thus, the identification of at-risk patients is crucial for directing early clinical diagnosis of cancer and for improving treatment. The high incidence of the R337H mutation and its association with certain types of tumors indicate that this mutation should be investigated as a potential biomarker for tumor development risk.
Therefore, the R337H mutation of the TP53 gene has significant predictive value when correlated with potential clinical markers and can be used to estimate the risk and prognosis of cancer. This would positively contribute to the clinical management of individuals carrying the mutation, as the R337H mutation in the TP53 gene is considered to be a current public health issue.
